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Abstract 
Polymer blends of polypropylene (PP) and high density polyethylene (HDPE) were prepared in a single screw extruder. The 
blend ratios of PP/HDPE were set at 80/20 and 50/50. Ethylene vinyl acetate (EVA) was used as a blend modifier at contents of 
0, 1, 3 and 5 phr. PP/HDPE blends were fabricated to slit yarn by the single screw extruder equipped with slit die. The effects of 
PP/HDPE blend ratios and EVA contents on properties of the blends were analyzed. Melt flow index (MFI) of the blends 
decreased when incorporated with HDPE. DSC results showed two melting temperatures of PP and HDPE separately which 
indicated that these blends were immiscible at various contents of EVA. Crystallinity of PP in the blends increased with 
increasing HDPE contents with regardless on EVA contents. However, the crease recovery of the PP/HDPE blends slit yarn 
increased with increasing EVA contents. 
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1. Introduction 
Polypropylene (PP) is commodity plastic, which has been most utilized in the present day. There are various 
applications of PP such as kitchenware, packaging, automotive parts, fiber, yarn and non-woven [1-5]. PP is a low 
cost materials, light weight, anti-bacteria property and good wear. For textile applications, PP has been widely use 
as carpet, mat or non-woven for medical device. However, PP is low crease recovery, which could limit for using in 
wider applications. 
Crease recovery is ability of a creased or wrinkled yarn and fabric to recover its origin shape over time or from 
the forced deformation [6-7]. This characteristic is very important for fabrics and yarns for textile applications in 
order to maintain their structure after bending or twisting. Crease or recovery management could be applied for 
shape memory composites for specific applications [8-9]. The recovery of textile fabrics from creasing depends on 
the elastic recovery of the fibers [2]. Bhardwaj and Juneja [10] studied the mechanical and physical properties 
including crease recovery of jute viscose/polyester and cotton blended yarns. In this study, the crease recovery of 
jute viscose/polyester fabrics increased with incresed jute viscose ratio. Zhao et al. [11] studied on factors effecting 
for recovery of poly(trimetylene terephthalate) (PTT) shape memory fabrics. This research reported that force was 
the main factor in PTT shape memory fabrics recovery mechanism for the fabrics to teturn to their initial shapes. 
Zhao et al. [12] developed PTT/poly(ethylene terephthalate) (PTT) bicomponent filament for seamless garments. 
They reported that the fabric made of the PTT/PET bi-component filament has better dimensional stability, better 
elastic recovery property and better wrinkle resistanced than polyurethan/polyamide core-spun yarn. 
This study aims to improve crease recovery of PP by blending with high density polyethylene (HDPE) and using 
ethylene vinyl acetate (EVA) as an internal blend modifier. The effects of PP/HDPE blend ratios and EVA contents 
on properties of the blends were investigated from the blends slit yarn. 
2. Experimental 
2.1 Materials 
Polypropylene (PP 500N) was supplied by HMC Polymers Co., Ltd., Thailand. The melt flow rate (MFR) was 12 
g/10 min. High density polyethylene (HDPE) (H5480S) was kindly supplied by SCG Chemicals Co., Ltd., Thailand. 
The MFR was 0.8 g/10 min. Ethylene vinyl acetate (EVA) (Polene MV1055) was supplied by TPI Polene Pub., Co., 
Ltd., Thailand. Vinyl acetate content was 28%. The MFR was 8 g/10 min. 
 
2.2 Sample Preparation 
The ratio of PP/HDPE blend was set at 80/20 and 50/50 by weight ratio with varied EVA contents at 0-5 phr (part 
per hundred resins by weight). PP, HDPE and EVA were compounded in a single screw extruder. The barrel 
temperature was set at 170-190 qC with screw speed of 60 rpm. After pelletized, the blends was fabricated to slit 
yarns by the single screw equipped with slit die at the barrel temperature of 170-190 qC and screw speed of 50 rpm. 
The take up speed was 5 m/min. 
 
2.3 Characterization 
Melt flow index was tested according to ASTM D1238 at 190 qC by using a melt flow tester (Time Group Inc., 
XRL-400A). 
 
Thermal properties of polymer and their blends were analyzed by using a differential scanning calorimeter 
(NETZSCH, DSC200F3). The specimens were heated from 30 to 200 qC under nitrogen atmosphere. The heating 
and cooling rates were set at 10 qC/min. Crystallinity of PP and HDPE in the blends was calculated from the 
following equation 
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Where   Xc =  Crystallinity (%) 
 'Hf = Heat of melting of polymer 
 'Hf100 = Heat of fusion of 100% polymer crystallization 
 'Hf100 of PP was 209 J/g [13] and 'Hf100 of PE was 293 J/g [14]. 
 
Morphology of the blends was characterized by observing the tensile fractured surface of the specimens. 
Scanning electron microscope (JEOL, JSM-5410LV) was used for surface observation. Gold was sputtered onto the 
specimens for electron conductivity. 
 
Tensile properties were carried out by using a universal tensile testing machine (LLOYD, LR10K). The extension 
rate was 50 mm/min. 
 
Crease recovery is ability of a creased or wrinkled yarn and fabric to recover its origin shape over time. The test 
was performed by using Monsant crease recovery twester (Daiei Kagaku Seiki MFG. Co., Ltd.) according to 
AATCC 66-2003 with a standard weight of 500 g. The crease recovery was calculated by the following eqution 
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3. Results and Discussion 
 
3.1 Melt flow index of the blends 
        Melt flow index (MFI) of polymer and their blends was measured at 190 qC. MFI of PP, HDPE and EVA was 
5.0, 0.8 and 5.5 g/10 min, respectively. From the results, HDPE was the most viscous and difficult to flow. Fig. 1 
presents MFI of PP/HDPE blends at various EVA contents. MFI of PP/HDPE blend at the ratio of 80/20 was higher 
than the PP/HDPE (50/50) blend, which due to a higher content of HDPE in this blend. MFI of all blends slightly 
increased with increasing EVA contents. It can be noted that MFI values of these blends were lower than the MFI of 
PP and would decrease when increasing HDPE and EVA contents in the blends. 
3.2 Thermal properties of the blends slit yarn 
     Thermal properties and crystallinity of polymer and the blends are tabulated in Table 1 and Table 2, respectively. 
From Table 1, melting temperatures (Tm) of PP and HDPE in the blends were lower than neat polymer, which might 
be due to different order of crystal orientation [15] of PP and HDPE in polymer blends which regardsless on the 
blend ratios and EVA contents . However, there are two Tms in the blends with related to Tm of neat polymer. Thus 
these blends were immiscible. From the results in Table 1, crystallization temperature (Tc) of PP was 109 qC while 
Tc of HDPE was 115 qC. After compounding, the PP/HDPE blends exhibited one Tc, which indicated that PP would 
crystallize faster in polymers blends and HDPE presented as nucleating site for PP crystallization. The results could 
be confirmed by higher crystallinity of PP in the blends as compared to neat PP as shown in Table 2. However, 
crystallization of HDPE was retarded, which indicated by lower crystallinity of HDPE in the blends as compared to 
pure HDPE. 
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Fig. 1. Melt flow index of PP/HDPE blends. 
 
Table 1. Thermal properties of polymer and their blends. 
 
 
Polymer EVA (phr) 
Tm (°C) Tc (qC) HDPE PP EVA 
PP - 173 - 109 
HDPE 136 - - 115 
EVA   - - 57   
0 130 169 - 116 
PP/HDPE  1 131 169 - 114 
(80/20) 3 131 170 - 115 
  5 132 171 - 114 
0 132 168 - 114 
PP/HDPE  1 134 170 - 113 
(50/50) 3 133 170 - 115 
  5 134 169 - 115 
 
 
3.3 Morphology of the blends slit yarn 
Morphology of the blends is depicted in Fig. 2. SEM photographs reveal rough and elongate surface of all 
PP/HDPE blends, which exhibited ductile fractured surface. It can be seen that PP/HDPE (50/50) blends were more 
ductile than 80/20 blends in both without and with EVA. Moreover, the blends were more elongate after adding 
EVA. 
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Table 2. Crystallinity of PP and HDPE in polymer blends. 
 
 
Polymer EVA (phr) Crystallinity (%) PP HDPE 
PP 33.6 - 
HDPE   - 54.4 
0 38.9 33.4 
PP/HDPE  1 36.2 38.7 
(80/20) 3 37.9 30.4 
  5 36.3 33.3 
  0 35.0 46.3 
PP/HDPE 1 32.9 44.0 
(50/50) 3 31.2 44.6 
  5 35.2 41.7 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       Fig. 2. SEM photographs of the blends slit yarn. 
 
3.4 Mechanical properties of the blends slit yarn 
The effect of blend ratio and EVA content on properties of PP/HDPE blends slit yarn is shown in Fig. 3 to Fig. 5. 
Both tensile modulus and tensile strength of 80/20 blends were higher than 50/50 blends as presented in Fig. 3 and 
Fig. 4, respectively. It was attribute to HDPE is lower stiffness than PP. Therefore, higher contents of HDPE in the 
blends would obtain a blend with lower tensile modulus and tensile strength values. In addition, tensile modulus and 
tensile strength of the blends decrease when increasing EVA contents, which due to elastomeric effect from EVA. 
However, the blends would be softer and more elongate when increasing HDPE and EVA contents in the blends, 
which can be seen from SEM results. Therefore, crease recovery of the blends slit yarn was significantly improved 
as shown in Fig. 5. 
(a) PP/HDPE (80/20) EVA 0 phr (b) PP/HDPE (80/20) EVA 5 phr
(c) PP/HDPE (50/50) EVA 0 phr (d) PP/HDPE (50/50) EVA 5 phr
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       Fig. 3. Tensile modulus of PP/HDPE blends slit yarns. 
 
 
 
 
 
 
 
 
 
 
 
 
 
      Fig. 4. Tensile strength of PP/HDPE blends slit yarn. 
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Fig. 5. Crease recovery of PP/HDPE blends slit yarn. 
 
4. Conclusions 
The effect of blend ratio and EVA contents on properties of PP/HDPE blends slit yarn and compression moled 
samples was elucidated. High contents of HDPE in the blends effect on decreased MFI of the blend system. HDPE 
acted as nucleating site for PP to crystallize in polymer blends, which resulting in an increment of crystallinity of PP 
in PP/HDPE blends. The improvrment in crystallinity would enhance stiffness of the blends. SEM photographs 
show ductile morphology in the blends. Tensile modulus and tensile strength of the blends slit yarn were depend on 
both HDPE and EVA contents in the blends. Modulus and strength of the blends decreased when increasing HDPE 
and EVA contents. It can be noted that crease recovery of the blends slit yarn was improved when adding HDPE and 
EVA.  
References 
[1] Karian HG, edited, Handbook of polypropylene and polypropylene composites, 2nd ed., New York: Marcel Dekker, Inc.; 
2003, p. 10-27. 
[2] Omeroglu S, Karaca E, Becerir B. Comparison of Bending, Drapability and Crease Recovery Behaviors of Woven Fabrics 
Produced from Polyester Fibers Having Different Cross-sectional Shapes. Text Res J 2010; 80:1180-1190. 
[3] Wahit MU, Hassan A, Mohd Ishak ZA. Abu Bakar A. The effect of polyethylene-octene elastomer on the morphological 
and mechanical properties of polyamide 6/polypropylene nanocomposites. Polym Polym Compos 2005;13:795-805. 
[4] Wang CC, Dhen CC. Anti-bacterial and swelling properties of acrylic acid grafted and collagen/chitosan immobilized 
polypropylene non-woven fabrics. J Appl Polym Sci 2005;98:391-400. 
[5] Rudin A, Loucks DA, Goldwasser JM. Oriented monofilaments from blends of poly(ethylene terephthalate) and 
polypropylene. Polym Eng Sci 1980;20:741-746. 
[6] http://www.textileglossary.com/terms/crease-recovery.html  accessed on 27 June 2013. 
[7] Saville BP. Physical testing of textiles, Manchester, Woodhead Publishing, Limited; 1999. 
[8] Vasile S, Githaiga J, Ciesielska-Wróbel IL. Comparative analysis of the mechanical properties of hybrid yarns with 
superelastic shape memory alloys (SMA) wires embedded. Fibres Text East Eur 2011;89:41-46. 
 

0
10
20
30
40
50
0 1 2 3 4 5
C
re
as
e r
ec
ov
er
y 
(%
)
EVA content (phr)
PP/HDPE (80/20)
PP/HDPE (50/50)

 Supaphorn Thumsorn and Natee Srisawat /  Energy Procedia  56 ( 2014 )  334 – 341 341
 
[9] B. Klosterhalfen, U. Klinge, V. Schumpelick and L. Tietze, Polymers in hernia repair–common polyester vs. polypropylene 
surgical meshes. J Mater Sci 2000;35:4769-4776. 
[10] Bhardwaj S, Juneja S. Performance of jute viscouse/polyester and cotton blended: Yarns for apparel use. Stud Home Com 
Sci 2012;6:33-38. 
[11] Zhao L, Qin L, Wang, F, Chuah HH. Factors affecting recovery of PTT shape memory fabric to its initial shape. Int J Cloth 
Sci Tech 2009;21:64-73. 
[12] Zhao L, Hu H, Shen J, Long H. The use of a polytrimethylene terephthalate/polyester bi-component filament for the 
development of seamless garments. Text Res J 2013;83:1283-1296. 
[13] Erica E, White B, Winter HH, Rothstein JP. Extensional-flow-induced crystallization of isotactic polypropylene. Rheol 
Acta 2012;51:303-314. 
[14] Gedde UW, et al. Molecular structure, crystallization behavior, and morphology of fractions obtained from an extrusion 
grade high-density polyethylene. Polym Eng Sci 1988;28:1289-1303. 
[15] Lincoin DM, Vaia R, Wang ZG, Hsiao BS, Krishnamoorti R. Temperature dependence of polymer crystalline morphology 
in nylon 6/montmorillonite nanocomposites. Polymer 2001;42:09975-09985. 
 
